Introduction: We describe the epidemiology and trends of fall-related injuries among Canadian seniors aged 65 years and older by sex and age, as well as the circumstances and consequences of their injuries.
Introduction
Each year, about one in three seniors experience at least one fall. [1] [2] [3] [4] [5] In 2008-2009, 20% of Canadians aged 65 years or older who were living in the community reported falling in the previous year. 6 This prevalence increased with age, from 17% among those aged 65 to 69 years to 27% among those aged 85 years or older. 6 Falls are also the leading cause of injuryrelated hospitalizations among Canadian seniors. 7 They result in an average length of hospital stay of approximately 3 weeks, which is 75% longer than the average length of stay for all causes of hospitalization combined. 7 Fall-related injuries are associated with significant disability, reduced mobility and independence, higher likelihood of admission to a nursing home and increased risk of premature death. 8, 9 Falls are responsible for 95% of hip fractures in older adults, 10 leading to death in more than 20% of cases.
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Even in the absence of injuries, falls may have long-term psychological consequences, such as depression, fear of falling and loss of confidence. These, in turn, lead to restriction in daily and social activities and, subsequently, declines in health and function and increased risk of future falls. [12] [13] [14] In addition to increased morbidity and mortality, fall-related injuries pose an economic burden on the health care system. [15] [16] [17] [18] In Canada, direct medical costs associated with falls among seniors were estimated at over $2 billion in 2004. 19 This figure is expected to rise substantially as the number of Canadians aged 65 years or older is projected to more than double, from 5 million (15%) in 2011 20 to nearly 11 million (25%) in 2036. 21 In April 2014, the Public Health Agency of Canada released its second report on falls among seniors. 7 The report provided an 
Key findings

Fall-related injury
The Injuries module of the CCHS included a question that asked respondents if they had sustained an injury serious enough to limit their normal activities (e.g. a broken bone, a bad cut, a burn or a sprain) in the previous year. Those who answered ''yes'' to the question ''In the past 12 months, were you injured?'' were asked about their most serious injury, including whether that injury was a result of a fall. Those who responded ''yes'' were identified as having a fall-related injury. Information on the type of injury, the part of the body injured, the type of activity associated with the fall and the type of treatment received within 48 hours of injury was collected using questions with a predefined list of responses. To account for the complex sampling design of the CCHS (e.g. adjustments for non-response, under-coverage and poststratification) and to obtain estimates representative of the Canadian population, we used sampling weights in all the Notes: Unless otherwise specified, all estimates (numbers and percentages) were weighted using sampling weights provided by Statistics Canada. Due to rounding, numbers may not sum up to the total population and percentages may not sum up to 100%.
Demographic characteristics
b Missing data on household income were imputed using a nearest neighbour imputation method.
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E Estimate is associated with high sampling variability (i.e. coefficient of variation is between 16.6% and 33.3%) -interpret with caution.
''x'' indicates that the data do not meet standards for reportability due to extreme variability (coefficient of variation 4 33.3%).
* Significant difference (p o .05) in the distribution of the characteristic between those with a fall-related injury and those without a fall-related injury for all 3 survey samples.
analyses. 24 Variance estimates, including 95% confidence intervals (CIs) and coefficients of variation (CVs), were calculated using the bootstrap technique and the BOOTVAR 3.2 program developed by Statistics Canada. 28 The bootstrap technique involves a repeated process of selecting simple random samples (n ¼ 500) from the CCHS dataset, recalculating sampling weights for each selected subsample, and post-stratifying weights for each stratum to obtain the final bootstrap weights. 24, 28 Estimates are reported according to Statistics Canada's sampling variability guidelines: 24 those with a CV between 16.6% and 33.3% are flagged to be interpreted with caution due to high sampling variability, while those with a CV greater than 33.3% are not reported due to extreme variability.
All analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, North Carolina, USA).
Results
The Table 1 shows the distribution of demographic characteristics among respondents with or without a fall-related injury in each of the three CCHS samples. For all survey years, fall-related injury status in the previous 12 months differed by sex, age and marital status (p o .05). Compared to those without a fall-related injury, seniors reporting a fall-related injury were more likely to be women, to be older and to be widowed and less likely to be married. We did not observe any statistically significant differences by education level or household income for any of the three samples.
Rates and trends ''sprain or strain, including torn ligaments and muscles''), we did not observe any meaningful differences in proportions across survey years because of these changes (data not shown). Figure 6 shows the proportion of fallrelated injuries by type of activity associated with the fall using combined data from the 2009/2010 and 2013 samples (the 2005 sample was excluded due to differences in the categorization of activity types). The largest proportions of fallrelated injuries resulted from slipping, tripping, stumbling or loss of balance while walking on a surface other than snow or ice (45%), while walking on snow or ice (16%) and while going up or down stairs or steps (12%). Others reported falling due to health problems (e.g. fainting, weakness, dizziness, hip/knee giving out, seizure) (7%), from furniture or while rising from furniture (e.g. bed, chair) (6%), while engaged in sport or physical exercise (5%) or from an elevated position (4%). fall-related injury visited a hospital emergency department (71%), a doctor's office (15%), a clinic (6%) and a hospital outpatient clinic (5%). Less than 5% reported seeking medical treatment at a community health centre or at the site where the injury occurred. In addition, more than one-quarter of those who reported a medically attended fall-related injury were hospitalized overnight. Similar patterns were observed across all survey years (data not shown).
Injury characteristics
Discussion
Using Australia. 32, 33 Of note, while the majority of these studies were restricted to injuries treated in emergency departments or that required hospitalization, our study shows time trends of self-reported fall-related injuries regardless of whether medical treatment was sought.
As with other studies, [29] [30] [31] [32] [33] [34] [35] [36] we found significantly higher rates of fall-related injuries among older women compared to older men across all survey years. Loss of bone mineral density following menopause may predispose women to a higher risk of fracture.
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The gender disparity in fall-related injury rates may also reflect differences between men and women in the strength of their lower extremities, chronic health conditions and lifestyle or behavioural factors. 40 A study that used data from the CCHSHealthy Aging survey showed that men and women have different sets of socio-demographic, lifestyle/behavioural and medical risk factors for falls. 41 For example, being widowed, separated or divorced, having a higher level of education and having an eye disorder were associated with elevated risk of falls in men, whereas older age, lower income, alcohol consumption, medication use and having diabetes, osteoporosis or a higher number of comorbid conditions increased the risk of falls in women. 41 Note that although women are at higher risk for falls and fall-related injuries, mortality rates from falls are higher among men, 7, 42, 43 who may be more severely injured due to the circumstances or events of their fall. 35 While the rate of fall-related injuries increased steadily for women over time, we observed a peak among men in 2009/ 2010, followed by a small but non-significant decline in the most recent year, which may have partially accounted for the levelling off of the overall rate. This differs from the trends observed between 2003 and 2009/2010, during which there was a consistent increase in rates in both sexes. 7 Although making direct comparisons is difficult due to differences in data sources and time periods examined, studies in other countries have shown either similar upward trends for both sexes 29, 30 or a sharper increase in men than in women. [31] [32] [33] The reasons for the recent decline (or levelling off) that we observed among men are unclear and may be associated with changes in risk-taking behaviour and risk perception (e.g. taking extra caution when climbing ladders and paying greater attention to surroundings while walking). 6, 7, 44 However, more years of data are needed to assess longer-term trends and to determine whether fall-related injury rates are truly decreasing for older men in Canada.
The increase in fall risk with age is welldocumented [29] [30] [31] [34] [35] [36] and can be attributed to age-induced declines in physical, sensory and cognitive function, as well as increases in comorbidities. 43, 45 Moreover, our results indicate that, although older seniors (i.e. Z 85 years) continue to experience higher rates of fall-related injuries compared to younger seniors, the gap between the younger and the older age groups appears to be a closing over time. A possible explanation is that younger seniors have been leading more active lifestyles than in the past, spending more time pursuing activities that could increase their chances of falling. 29, 46 However, the trends we observed most likely involved a complex interplay of fall risk factors, including age-related shifts in lifestyle and behaviour, health conditions and medication use. 47 In addition, recent declines in fall-related injury rates have also been reported in the older senior population (Z 80 years) in Finland 48 and may reflect improvements in the functional ability and living environments of older seniors, although further assessment of trends is warranted. In contrast, studies in the USA 30 and Australia 33 have reported notably sharper increases in rates among older rather than younger age groups.
Our finding that fractures account for the greatest proportion of fall-related injuries is consistent with studies examining hospitalized 31, 32 or emergency departmenttreated 35 fall-related injuries. It also suggests the importance of bone health in preventing fall-related fractures among seniors, especially given the high prevalence of osteoporosis in older women. 7, 49 In addition, the circumstances surrounding fall-related injuries among seniors are similar to those reported in the USA, 36 as the majority involved slipping, tripping, stumbling or loss of balance while walking. However, of concern is the relatively large proportion of fall-related injuries among seniors that resulted from walking on ice or snow, highlighting the role of weather conditions in contributing to fall risk in Canada. 7, 50 Our results also demonstrate the burden of fall-related injuries on the health care system. Specifically, over two-thirds of Canadian seniors who sustained fall-related injuries sought medical treatment, most commonly at a hospital emergency department. With an aging population, health care utilization resulting from fall-related injuries and associated costs are expected to increase substantially over the next decades.
Strengths and limitations
To our knowledge, this is the first peerreviewed study that examines trends of self-reported fall-related injuries among Canadian seniors over time.
A major strength of this study is our use of a well-validated population-based survey, which provided a national picture of fallrelated injuries representative of the entire community-dwelling senior population in Canada. Instead of restricting observations only to injuries involving hospitalization or emergency department visits, our study shows estimates and trends for a wider spectrum of fall-related injuries.
Our study also has several limitations that should be taken into consideration when interpreting the findings. First, based on the way the questions were designed in the CCHS, data were only collected for the most serious injury experienced by the respondent during the previous year. In other words, falls resulting in less serious injuries compared to other causes of injuries (e.g. traffic collisions) occurring in the same time period would not have been captured, likely leading to underestimated numbers and rates of fall-related injuries. Similarly, the survey did not collect information on multiple falls experienced by the same individual.
Second, since the CCHS does not collect data annually on injuries from all provinces and territories of Canada, our examination of national trends is limited to only several data points (i.e. 2005, 2009/2010 and 2013). As a result, potential changes in trends during the gap periods may have been missed. Nevertheless, we demonstrated a generally increasing trend of fall-related injuries consistent with that reported previously. 7 Third, due to the self-reported nature of the CCHS, our results may be subject to measurement bias and misclassification. For example, questions about injuries may be interpreted differently by different respondents. There may also be the issue of underreporting of falls due to social desirability bias (i.e. an unwillingness to admit falling) or difficulty recalling, particularly among an older population. 51 Fourth, low response rates, particularly in the most recent survey year (i.e. 66.8% in 2013), could have resulted in limited generalizability of study findings. However, to minimize potential bias associated with total non-response (i.e. refusal to participate or inability to contact the selected household or individual), Statistics Canada has adjusted the survey weights by redistributing weights of non-responding households or people to responding households or people with similar characteristics (e.g. geographic information, collection period, time and number of contact attempts). 24 Finally, our findings may only be generalized to a relatively healthy population of seniors living in the community and do not apply to residents of care facilities, who may have a distinct risk profile for falls and very different circumstances and outcomes of fall-related injuries compared to the general population. 52 
Conclusion
As in other developed nations, fall-related injuries among seniors in Canada have been increasing over the past decade. Recent data also suggest differences in trends by sex and age, with a sharper increase among women and among younger seniors. As our population is rapidly aging, it remains essential to monitor trends and patterns of fall-related injuries along with the associated burdens on the health care system.
